H ypertension is a major modifiable cardiovascular disease risk factor and is causally related to subclinical atherosclerotic vascular changes: the thickening and stiffening of arteries. 1 Cardiovascular risk factor levels in childhood have been observed to track into adulthood, resulting in an increased risk of cardiovascular events later in life. High blood pressure (BP) in young adulthood is an independent risk factor for high carotid artery intima-media thickness (IMT), 2,3 a vascular marker of atherosclerosis which has been shown to predict future cardiovascular events. 4 Atherosclerosis begins in childhood, and therefore, a central aspect in the primordial prevention of later cardiovascular outcomes is early monitoring of BP. 5 Hypertension is defined in adults as systolic BP (SBP) ≥140 mm Hg or diastolic BP (DBP) ≥90 mm Hg. An SBP ≥120 mm Hg or DBP ≥80 indicates prehypertension. 1 However, there are no universal cut points for pediatric hypertension, and age-, sex-, and height-specific 90th or 95th percentiles are recommended for BP classification and hypertension diagnosis. 5 Current pediatric guidelines for primary prevention of cardiovascular disease recommend no routine measurement of BP in children under 3 years of age. In children aged between 3 and 17 years, annual measurements should be performed and abnormal BP interpreted by the age-, sex-, and height-specific percentiles. In the guidelines, pediatric hypertension is Abstract-Hypertension may be predicted from childhood risk factors. Repeated observations of abnormal blood pressure in childhood may enhance prediction of hypertension and subclinical atherosclerosis in adulthood compared with a single observation. Participants (1927, 54% women) from the Cardiovascular Risk in Young Finns Study had systolic and diastolic blood pressure measurements performed when aged 3 to 24 years. Childhood/youth abnormal blood pressure was defined as above 90th or 95th percentile. After a 21-to 31-year follow-up, at the age of 30 to 45 years, hypertension (>140/90 mm Hg or antihypertensive medication) prevalence was found to be 19%. Carotid intima-media thickness was examined, and high-risk intima-media was defined as intima-media thickness >90th percentile or carotid plaques. Prediction of adulthood hypertension and high-risk intima-media was compared between one observation of abnormal blood pressure in childhood/youth and multiple observations by improved Pearson 6 but it is not known how many repeated BP measurements taken over several years can improve prediction and whether repeated observations of abnormal BP in childhood/youth can improve prediction. Therefore, our aim was to compare repeated observations to one observation of BP in childhood/ youth in prediction of future hypertension and subclinical atherosclerosis in a population-based prospective cohort setting.
Materials and Methods

Population
The Cardiovascular Risk in Young Finns Study is a population-based follow-up study in Finland. 7 The study began in 1980 when 3596 children and adolescents aged 3 to 18 years were examined. Since then, follow-ups have been performed in 1983, 1986, 2001, 2007 , and 2011. The study was performed according to the Declaration of Helsinki and approved by local ethics committees, and written informed consent was given by participants or parents.
The present study is based on 1927 participants who were aged 3 to 18 years in 1980 (54.4% women), had participated both in the baseline examination in 1980 and in the childhood/youth examinations in 1983 and 1986, and who had at least one follow-up BP measurement in adulthood in 2001, 2007, and 2011 . Data were acquired with questionnaires at baseline on childhood smoking status from participants aged 12 to 18 years and physical activity from participants aged 3 to 18 years and in adulthood of use of antihypertensive medication. Data on reimbursed antihypertensive medication, indicating a confirmed hypertension diagnosis, were acquired from the Social Insurance Institution of Finland reimbursement register in 2012.
Anthropometric and BP Measurements
At all clinical examinations, height and weight were measured and body mass index (BMI) calculated as kg/m 8 BP was measured in the sitting position after a 5-minute rest. The Korotkoff first phase was used as the sign of systolic BP, and diastolic BP was determined from the fifth phase. Readings were performed to the nearest integer of millimeters of mercury 3× on each participant, and the average of 3 measurements was used in the analysis. From participants 3 years old at baseline, only SBP was collected by using an ultrasound device (Arteriosonde 1020, Roche). In childhood/youth BP measurements in 1980, 1983, and 1986 , all values were transformed into age-, sex-, and year-specific Z-scores.
Definition of Pediatric Abnormal BP and Adult Hypertension
According to current pediatric guidelines, we defined abnormal BP in childhood as pediatric hypertension or prehypertension based on either systolic BP or diastolic BP being in the uppermost 90th or 95th percentile of the age-, sex-, and year-specific distribution. 9 In adulthood, hypertension was defined as BP ≥140/90 mm Hg, use of reimbursed antihypertensive medication, or the self-reported use of antihypertensive medication. 
Ultrasound Imaging of Carotid IMT
Carotid artery ultrasound studies were performed in 2007 for 1570 participants included in the present study. Carotid IMT was calculated as the mean of 4 measurements from the far wall of the left common carotid artery 10 mm proximal to the bifurcation, following a previously described protocol.
2 High-risk IMT was defined as IMT ≥90th percentile or the presence of carotid plaques.
Statistical Methods
The studied outcomes were hypertension, high-risk IMT, and reimbursed antihypertensive medication in adulthood. Proportions of participants with outcomes in adulthood were stratified according to the number of times (between 0 and 3) abnormal BP had been observed in childhood/youth.
Tracking of BP was studied with Pearson correlation analyses between mean adulthood BP and age-, sex-, and year-specific Z-scores in childhood/youth (1, mean of 2, or mean of 3 measurements). Mean adulthood BP was calculated as mean of 3 measurements in adulthood (2001, 2007 , and 2011 transformed into age-, sex-, and yearspecific Z-scores). To negate any confounding introduced as a result of different length of follow-ups between the childhood/youth BP measures and those collected in later adulthood, year 1983 was used to represent the single measurement, the mean of 1980 and 1986 was used to represent 2 measurements, and the mean of 1980, 1983, and 1986 was used to represent 3 measurements. Statistical significance of the differences between correlation coefficients was determined by the Fisher r-to-z transformation. 10 To assess the potential bias from using a different measurement device in participants aged 3 years in 1980, these analyses were repeated excluding the 3-year-olds (Table  S3 in the online-only Data Supplement).
The effect of age was further explored by stratifying the participants by baseline age into 2 categories: the very young (aged 3-9 years at baseline in 1980) and the young (aged 12-18 years at baseline). To study possible modification by BMI, smoking status, and physical activity in childhood, we repeated the analyses adjusting for the mean of 3 childhood/youth BMI measurements transformed into age-, sex-, and year-specific Z-scores and the length of follow-up, baseline smoking, and physical activity.
Enhanced prediction of adult hypertension outcomes was studied by assigning participants a score of 2 if above the 95th percentile, which is the standard definition of elevated BP, a 1 if above the 90th but below the 95th percentile, and a 0 if below the 90th percentile at each childhood/youth BP measurement. The ability of child/young adult measurements to predict hypertension risk in adulthood was estimated by calculating the area under the receiver operating characteristic curve (AUC), the category-based net reclassification improvement, 11 and the Integrated Discrimination Improvement. For the category-based net reclassification improvement, participants were assigned to 2 categories that reflected their risk of adult hypertension based on each model. 11 We used a 2-category net reclassification improvement with cutoff at adult prehypertension and at adult hypertension. To account for an effect of increase in BMI, analyses were additionally adjusted for the mean of all 3 childhood/youth BMIs transformed into age-, sex-, and year-specific Z-scores.
Attrition analyses were performed to examine differences in risk factor variables in 1983 by participant status at follow-up (nonparticipants versus participants in males and females) to determine whether loss to follow-up was differential. Descriptive values for childhood and adulthood variables were expressed as mean±SD. t Test was used to examine differences in age, and differences in risk factor levels between participants and nonparticipants were examined with regression analyses adjusted with age.
All statistical analyses were performed using SAS version 9.4, and statistical significance was inferred at a 2-tailed Ρ value <0.05.
Results
Clinical characteristics of the study population in childhood/ youth (year 1983) and in adulthood are shown in Table 1 . Mean follow-up time was 29.4 years. None of the participants were taking antihypertensive medication in childhood/youth. In adulthood, hypertension was observed in 368 participants (19%; BP>140/90 or self-reported antihypertensive medication). Reimbursed antihypertensive medication, indicating a confirmed hypertension diagnosis, was detected in 80 participants. To determine whether the representativeness of the baseline sample was maintained in the present cohort, baseline characteristics were compared between those who participated and those who did not participate in the follow-up (Table S1 ). In baseline comparisons, male nonparticipants had significantly higher diastolic BP, and female nonparticipants had significantly higher BMI and were older compared with nonparticipants, but otherwise we observed no substantial differences in risk factors.
Prediction of Adult Hypertension With One Versus Multiple Childhood Measurements
Pearson correlation coefficients for BP levels between childhood and adulthood, indicating tracking of BP, stratified by the number of childhood observations of abnormal BP are shown in Table 2 . There was a significant improvement in the correlation coefficients between 1 and 2 or 3 abnormal BP observations in childhood and BP in adulthood. The analyses were repeated adjusting for length of follow-up, childhood BMI, and baseline smoking and physical activity with similar results (Table S2 ). Childhood/youth SBP was associated with carotid IMT (correlation coefficients between 0.12 and 0.16, P>0.0001 for all), but the correlations between DBP measurements in childhood/youth and IMT in adulthood were weaker, and a higher number of childhood/youth observations did not improve prediction of IMT. Excluding the 3-year-olds from the analyses did not change the results (Table S3) .
Improved Prediction of Adult Hypertension Outcomes
Concerning the predictive ability of a single abnormal BP observation, AUC, net reclassification improvement, and Integrated Discrimination Improvement for predicting hypertension outcomes in adulthood according to number of times abnormal BP was observed in childhood are presented in Tables 3 and 4 . Three observations of abnormal BP significantly enhanced prediction of hypertension in adulthood compared with one measurement (AUCs 0.63 versus 0.60, P=0.001 for improved AUC). When participants were stratified by age into the very young (aged 3-9 years) and young (aged 12-18 years) age groups at baseline, significant enhancement in hypertension prediction was seen in the 12-to 18-year-old group (Table 4 , AUCs 0.63 versus 0.59, P=0.002 for improved AUC). The number of observations of abnormal BP did not enhance prediction of high-risk IMT or reimbursed antihypertensive medication, and the results were nonsignificantly enhanced when participants were stratified by age at baseline (Table 4) .
Hypertension in Adulthood According to the Number of Times Abnormal BP Was Observed in Childhood
To study the clinical value of repeated BP measurements in childhood, we examined the prevalence of hypertension outcomes in adulthood according to the number of times abnormal BP (>90th age-, sex-, and year-specific percentile) was observed in childhood/young adulthood ( Table 5 ). The number of times abnormal BP was observed in childhood was directly associated with the prevalence of hypertension and reimbursed antihypertensive medication, but had no effect on the prevalence of high-risk IMT in adulthood.
Compared with those who had never had abnormal BP in childhood, individuals with abnormal BP at 3 consecutive measurements in childhood/youth had 7. 
Discussion
Among the participants of the longitudinal Cardiovascular Risk in Young Finns Study, we observed that both the longterm tracking of BP and the accuracy of predicting hypertension in adulthood can be enhanced by multiple BP measurements in childhood and youth, compared with prediction models consisting of only a single measurement. Tracking of BP indicated by correlations between BP measurements in childhood/youth and adulthood was significantly enhanced by 2 or 3 BP measurements in childhood compared with a single measurement. Our results are in line with the Bogalusa Heart Study, where the value of repeated BP measurements in prediction of later BP status was shown in 1501 children, and a significant correlation was observed between BP at baseline and after an 8-year follow-up, with 3 serial measurements in the upper BP quartile significantly enhancing the probability of being in the uppermost quartile in the follow-up. 12 We observed that those with elevated BP at 3 consecutive measurements in childhood and youth had in adulthood on average 7.5 mm Hg higher SBP and 7.0 mm Hg higher DBP compared with those who had never had elevated BP in childhood. These results are in concordance with a 27-year follow-up study on familial aggregation of BP, where children with both parents in the highest BP tertile had on average 2.7 mm Hg higher SBP and 8.5 mm Hg higher DBP in adulthood. 13 We 2,3 and others 14, 15 have previously shown that SBP and DBP measured in childhood are independent risk factors for elevated IMT in adulthood. In the current study, we observed that high BP levels in childhood and youth were predictive of high-risk IMT in adulthood. In contrast, the number of BP measurements in childhood/youth was not associated with adult carotid IMT. These results are in accordance with our previous study on the effects of BP from childhood through adulthood on subclinical atherosclerosis, 3 where carotid IMT was not significantly higher among participants who had elevated BP observed only in childhood, but normal BP levels had been reached by adulthood.
Epidemiological observations indicate that BP levels have been globally increasing in children and adolescents for 2 decades, which can be partly explained by increasing overweight and obesity. 9 A recent report shows that although the obesity trends have plateaued in some countries, youth overweight and obesity among 11-to 15-year-olds remains high in Europe and North America. 16 Childhood overweight tracks strongly into adulthood, and thus, also a rise in BP can be expected to continue in the younger-age classes. Despite increasing BMI, overweight, and obesity among Finns, the BP levels of all age groups have decreased remarkably during the last 30 years, albeit they remain still high. 17 The BP decrease can be partly explained by dietary changes in the Finnish population, especially a reduced sodium intake and, to some extent, an increased intake of fruits and vegetables and unsaturated fats and a decreased intake of saturated fats. Obese individuals consume more salt, and because of hyperinsulinemia, the obese may also be more salt-sensitive than leaner persons. According to our present results, repeated monitoring of BP in childhood and youth can improve early identification of children and adolescents who have the highest risk of developing hypertension outcomes by young adulthood, which may have implications in targeting prevention strategies. Based on our analyses, it seems that compared with a single measurement, a second measurement provides the most additional information for prediction.
Strengths and Limitations
We studied a large, randomly selected and carefully phenotyped cohort of men and women prospectively followed up since early childhood. The limitations of this study include loss of original participants during follow-up, but, however, the attrition was not selective. Hawksley random zero sphygmomanometer was used in childhood follow-ups in 1983 and in 1986 and to provide similar methodology also in adult follow-ups in 2001 to 2011. In the 1990s, it was observed that Hawksley random zero sphygmomanometer provides underestimated BP values when compared with a standard mercury sphygmomanometer. 18, 19 Concerning the present analyses, we used age-, sex-, and study year-specific Z-score values to define abnormal childhood BP levels. Thereby, the possible underestimation of BP values was taken into account. However, the adult proportions of hypertension should be interpreted with caution because it was defined as BP ≥140/90 mm Hg or self-reported use of antihypertensive medication. Our study population consisted of whites, and therefore, the results may not be generalizable to other ethnicities. 
Perspectives
Compared with a single observation, repeated observations of abnormal BP in childhood and youth significantly enhanced the prediction of hypertension in adulthood. Those with elevated BP measured at 3 different time points in childhood or youth had 7.3 mm Hg higher SBP and 6.7 mm Hg higher DBP in adulthood compared with those who never had elevated BP in childhood. These results are relevant for implementing pediatric primary prevention. From a clinical point of view, it is established that multiple measures of BP in childhood, taken over several weeks or months in routine clinical practice, enhance prediction over a single measurement. However, we were able to show that multiple measures taken over several years are able to significantly enhance prediction of adulthood outcomes. In clinical practice, much more than 3 repeated measurements are usually required to confirm whether a young individual should be put on antihypertensive treatment. Our results suggest that 2 observations of abnormally high BP in childhood/youth may be sufficient to predict adult hypertension. 
